criteria: 1) TC ≥ 6.22 mmol/L; 2) TG ≥ 2.26 mmol/L; 3) HDLC < 1.4 mmol/L; and 4) LDLC ≥ 4.14 mmol/L.
Analysis of hexachlorocyclohexanes (HCHs) in serum
Extraction of serum samples. The extraction, separation and cleanup methods employed in the study were modified from a previous study 2 . Briefly, 1 mL serum sample was denatured with hydrochloric acid (HCl) and 2-propanol, then extracted with methyl tert-butyl ether (MTBE):n-hexane (1:1, v/v) three times. The eluent was dried by nitrogen sweeping and dissolved in 1 mL dichloromethane (DCM) : n-hexane
(1:1, v/v). Subsequently, a solid phase extraction (SPE) column (500 mg, 6 mL, CNW)
was activated with n-hexane. After conditioning, 1 mL solution was added into the wet SPE column. Subsequently, 6 mL dichloromethane (DCM) : n-hexane (1:1, v/v) was added to the column for elution. Finally, the extract was concentrated to a volume of 0.1 mL. All glass tubes were treated with potassium permanganate and potassium dichromate sulfuric acid. All solvents underwent pesticide residue analysis quality, and the reagent water for aqueous solutions was Optima quality.
Analysis of HCHs.
A gas chromatograph-tandem mass spectrometer (GC-MS/MS, TSQ8000, Thermo Fisher Scientific, USA) was used to detect the levels of HCHs in human serum. A DB-5u (30 m × 0.25 mm inner diameter × 0.25 mm film thickness; J&W Scientific, Folsom, CA) capillary column was used with helium as the carrier gas at 1.0 mL/min. The initial temperature was 100°C for 2.5 min, then increased to 150 for 2.5 min at 20°C/min, and then increased to 310°C for 5 min at 40℃/min. The injector and source temperatures were set at 275℃ and 220℃, respectively. A 1 μL treated reconstituted sample was injected using the splitless injection mode for 1 min.
The mass spectrometer was operated under electron ionization. Auto SRM was employed to determine individual peaks.
Quality Control of analysis. The samples were analyzed randomly within a larger project with 100 total batches of samples. For a batch analysis of 15 serum samples, one procedure blank consisting of purified water, and one in-house reference standard consisting of pooled human serum were analyzed. Hexane was used for flushing needles or columns, and quality control mixture standards were analyzed for every 15 samples analyzed. The analytic results were reported on wet-weight basis, and the serum lipid levels were included as a covariate in the regression analysis. Total lipids in plasma were calculated using the formula of Bernert et al.
:
Total lipids = (2.27 × total cholesterol)＋triglycerides＋62.3 mg/dL
The limit of detection (LOD) was defined as three times signal to noise ratio, and samples below LOD were given half the value of each LOD value 4 . The reproducibility of the method was demonstrated by 12 replicate determinations using an in-house control serum sample among the analytical batches during the course of the study. The average recoveries of the different congeners added to serum samples were 111 ± 3%, which showed that the loss of HCHs was negligible during the analytical process.
Results
A total of 250 random serum samples were evaluated in the preliminary screening for the detection of all 4 HCH isomers. The β-HCH ranked first, with a detection rate of 80.26%; other isomers, including α-HCH, γ-HCH and δ-HCH, had detection rates of 6.14%, 33.77%, 23.42%, respectively. Finally, 4 HCH isomers were detected in 1446 serum samples. The results suggest that the detection rates of α-HCH, β-HCH, γ-HCH and δ-HCH were 25.5%, 62.5%, 11.0% and 8.0%, respectively, among which β-HCH presented the highest detection rate and concentration. In addition, both the detection rate and the geometric mean concentration of β-HCH in serum were much higher in cases than in controls (Table S6 ). The recovery, relative standard deviation (RSD), and limits of detection (LOD) of β-HCH in human serum are listed in Table S4 . As shown in Fig. S2 , the bottom of the peak was low and relatively clean, the treatment of material interference was small, and the method of detection should be considered reasonable. 
References

